It has been found that the reaction of diphenylmercury with an equimolar amount of thio-or dithio acids gave the corresponding phenylmercury thio-(1) or dithiocarboxylates (2), quantitatively, which further react with thio-or dithio acids to give mercury bis (thio-) (3) or bis(dithiocarboxylates) (4). The phenylmercury dithio salts (2) were found to be the very useful thioacylating agents for primary and secondary amines. The reaction of mercury bis(thiocarboxylates) (3) with dithiocarboxylic acids gave the unsymmetrical thio-and dithiocarboxylic acid mercury salts [RC(0)SHgS(S)CR'j (5) in good yields.
Introduction
A vast number of organomercury compounds of types RHgX and R2Üg (R = alkyl and aryl, X = Halogen and CH3CO2) are known and their reactions have been investigated extensively [1] . There are, however, relatively few studies of the sulfur containing compounds such as RSHgR' and RSHgX, especially thio-and dithiocarboxylic acid derivatives. According to our literature survey, very few mercury bis(dithiocarboxylates) have been reported along with spectral data and reactions [2] , The systematic investigations of preparations and reactions of the mercury thio-and dithiocarboxylates are of great importance from the spectroscopical, practical, and biological viewpoints for the chemistry of sulfur containing organomercurials. In this paper, we describe the synthesis of a series of title compounds and their synthetic utility as thioacylating agents, especially for amines.
Results and Discussion
Phenylmercury thio-(1) and dithiocarboxylates (2) were found to be readily obtained in good yields from the reaction of diphenylmercury with thio-or dithio acids (eqs (1) and (2) of diphenyl mercury with dithio acids proceed readily at room temperature, while more drastic conditions, such as refluxing in benzene, are required for the reactions with thio acids except for cyclo-hexane thio carboxylic acid. The yields and physical properties of the products are summarized in Tables I and II . Although yields of the aliphatic derivatives la-b and 2a-c are relatively low because of the low stability of these compounds, these reactions proceed almost quantitatively. The structures of 1 and 2 were established on the basis of mass, i.r., u. v. visible and 'H n.m.r. spectral data and elemental analyses. Thus, the products 1 and 2 show the molecular ion (M + ) in the mass spectra. The characteristic carbonyl or thiocarbonyl stretching vibrations are observed at regions 1600-1700 cm -1 or 850-1050 cm -1 , respectively. Further, the results of elemental analyses of 3 and 4 are in good agreement with the calculated values, respectively.
Similarly, the reactions with two equivalents of thio-or dithio acids were found to give the bis(thio-) (3) or bis(dithiocarboxylates) (4) in excellent yields (eq. (3)) (Table III) . Presumably, (4) and (5)) (Table III) . The aromatic derivatives of 1 and 2 are very stable in the solid state and in common protic and aprotic solvents, and no change is observed even in refluxing benzene after 3 days. In contrast, the aliphatic derivatives are relatively unstable, and gradually decompose on standing at room temperature to precipitate mercuric sulfide. The thio acid derivatives (1) dissolved in chlorinated solvents such as chloroform and dichloromethane, while the dithio carboxylates (2) except for the dithio-2,4,6-trimethylbenzoate (2h) show low solubility for these solvents. The unsymmetrical divalent salts (5) possessing both thio-and dithiocarboxyl groups in the molecule
have not yet been known. A number of the reactions of phenylmercury thio-(1) or dithiocarboxylates (2) with two different kinds of thio-or dithio acids were carried out in order to obtain the unsymmetrical salts (5 and 5') (eqs (6) and (7)). These reactions, without exception, were found to produce a large amount of the undesirable symmetrical products {[RC(0)S]2Hg and (R'CS2)2Hg from eq. (6), (RCS2)2Hg and [R'C(0)S]2Hg from eq. (7)}. The separation of the desirable 5 from the reaction mixture containing these symmetrical by-products by fractional crystallization or column or thin layer chromatography has been found to be very difficult. The only successful example was
the isolation of 4-methylbenzoylthiomercury dithio-4-methylbenzoate (5 a) from reaction of phenylmercury 4-methylthiobenzoate (Id) with dithio-4-methylbenzoic acid (eq. (8) and Table IV) .
The reaction of halomercury thio-(6) or dithiocarboxylates (7) with alkali metal salts of a different kind of thio-or dithiocarboxylic acids provide an another possible route of preparation (eq. (9)). At present, however, this route seems to be ruled out because of the
preparative difficulty of the starting halomercury salts (6 and 7) [3] . In contrast to the above three methods (A-C), the reactions of mercury bis(dithiocarboxylates) (4) with excess thiocarboxylic acid were found to give the desired unsymmetrical salts (5) in excellent yields (eq. (10)) (Table IV) acylating reagents, although they are characterized by low stability, troublesome preparation procedures or difficulties with the removal of the byproducts. Phenylmercury dithiocarboxylates (2), however, proved to be very useful thioacylating reagents, especially for primary and secondary amines, without these disadvantages (eq. (11)). The results are summarized in Table V . The yields of the thioamides S S Carboxymethyl dithiocarboxylates [4] , thioacyl chlorides [5] and imidazolides [6] , and bis(thioacyl) sulfides [7] have been used practically as thio- 
+ excess R'ENa -> RCER'
(12) E = 0, S 9 (E = 0) 10 (E = S) reactions lead to relatively low yields of the expected thione (9) and dithioesters (10) together with byproducts such as sodium dithioates and diphenyl mercury, formed by cleavage of the S-Hg and C-Hg bonds in 2. 
Experimental
Melting points were determined using a Yanagimoto micro melting point apparatus and are uncorrected. The i.r. spectra were measured on a JASCO grating i.r. spectrophotometer IR-G. The u.v. and visible spectra w T ere obtained from a Hitachi 124 spectrophotometer. The x Hn.m.r. spectra were recorded on a Hitachi R-24 (60 MHz) with tetramethylsilane as an internal standard. The mass spectra were taken by a Hitachi RMU-6M mass spectrometer Elemental analyses were performed by the Elemental Analyses Center of Kyoto University and Alfred Bernhardt Analytical Laboratory, Engelskirchen (Germany).
Materials: Diphenylmercury and thioacetic acid were reagent grade without further purification. Other thiocarboxylic acids were prepared according to the literature [8] . Dithiocar boxy lie acids were also prepared by conc-HCl acidolysis of the corresponding piperidinium salts [9] and distilled (aliphatics) or dried on anhydrous sodium sulfate before use. The solvents were dried by the use of sodium metal or P4O10.
Typical procedures for the preparation of phenylmercury thio-(1) and dithiocarboxylates (2) are described below.
Phenylmercury 4-methylthiobenzoate (If): Diphenylmercury (0.176 g, 0.5 mmol) was added to freshly prepared 4-methylthiobenzoic acid (0.084 g, 0.55 mmol) in benzene (30 ml) and the mixture was refluxed for 2.5 h. Evaporation of the solvent from the reaction mixture in vacuo, washing of the resulting residue with w-hexane, and then recrystallization from dichloromethane/w-hexane gave 0.165 g (77%) of phenylmercury 4-methylthiobenzoate (If) as colorless crystal.
Phenylmercury dithio-4-methylbenzoate (2e): A dichloromethane solution (10 ml) containing diphenylmercury (0.35 g, 1 mmol) was added to dithio-4-methylbenzoic acid (ca. 1.2 mmol) in 10 ml of ether and the reaction mixture was stirred at room temperature for 1 h. Filtration of the resulting precipitates and washing with ether and then n-hexane gave 0.32 g (80%) of phenylmercury dithio-4-methylbenzoate (2e). While, evaporation of the solvents from the combined filtrate and then fractional crystallization of the resulting residue from dichloromethane gave 0.08 g (9%) of an additional 2e and 0.016 g of mercury bis(dithio-4-methylbenzoate) (4e).
Typical procedures for the preparation of mercury bis(thio-) (3) and bis(dithiocarboxylates) (4) are described below. The spectral data and elemental analyses of 3 and 4 were summarized in Table IV .
Mercury bis (4-methylthiobenzoate) (3 b): Diphenylmercury (0.35 g, 1 mmol) was added to freshly prepared 4-methylthiobenzoic acid (0.34g, 2.2mmol) in benzene (50 ml) and the mixture was refluxed for 3 h. Evaporation of the solvent and then washing of the residue with a small amount of ether and n-hexane gave 0.45 g (90%) of mercury bis(4-methylthiobenzoate) (3b), (m.p. 185 °C), which was identified by comparison of the melting point and i.r. spectra with those of an authentic sample prepared by phenylmercury 4-methylthiobenzoate with 4-methylthiobenzoic acid.
Mercury bis(dithio-4-methylbenzoate) (4 b): Diphenylmercury (0.18 g, 0.5 mmol) in dichloromethane (10 ml) was added to freshly prepared dithio-4-methylbenzoic acid (1.2 mmol) in 10 ml of ether and the reaction mixture was stirred at room temperature for 1 h. Filtration of the resulting precipitates and washing with a small amount of ether and then n-hexane gave 0.225 g (90%) of bis(dithio-4-methylbenzoate) (4b). The melting point and i.r. spectra were exactly consistent with those of an authentic sample, prepared by phenylmercury dithio-4-methylbenzoate with dithio-4-methylbenzoic acid.
Reaction of phenylmercury 4-methylthiobenzoate (If) with 4-methylthiobenzoic acid
Phenylmercury 4-methylthiobenzoate (1 f) (0.214g, 0.5 mmol) and 4-methylthiobenzoic acid (0.09 g, 0.6 mmol) were refluxed in 20 ml of benzene for 1 h. Filtration of the resulting precipitates, followed by washing with w-hexane, gave 0.235 g (94%) of mercury bis(4-methylthiobenzoate) (3b). The melting point and i.r. spectrum (Table IV) were exactly consistent with those of an authentic sample.
Reaction of phenylmercury dithio-4-methylbenzoate (2e) with dithio-4-methylbenzoic acid
To a suspension of phenylmercury dithio-4-methylbenzoate (2 e) (0.223 g, 0.5 mmol) in dichloromethane, dithio-4-methylbenzoic acid (0.1 g, 0.6 mmol) in ether (10 ml) was added and the mixture was stirred for 1 h at room temperature. Filtration of the resulting precipitates followed by washing with ether and then w-hexane gave 0.256 g (96%) of chemically pure mercury bis(dithio-4-methylbenzoate) (4b). The melting point and i.r. spectrum (Table III) were exactly in agreement with those of an authentic sample.
Preparation of 4-methylbenzoylthiomercury dithio-4-methylbenzoate (5 a) by method A
An ether solution (10 ml) containing dithio-4-methylbenzoic acid (0.20 g, 1.2 mmol) was added to phenylmercury 4-methylthiobenzoate (If) (0.43 g, 1 mmol) in dichloromethane (40 ml) and the mixture was stirred at 0 °C for 4 h under dark. Filtration of the dark brown precipitate gave 0.40 g (75%) of mercury bis (dithio-4-methylbenzoate (4 b) . After the filtrate, to which a small amount of w-hexane was added, was allowed to stand at 0 °C over night, filtration of the resulting crystalline precipitate gave 0.20 g (35%) of chemically pure 4-methylbenzoylthiomercury dithio-4-methylbenzoate (5a), which was identified by mass, i.r., u. v. and visible spectra, and elemental analyses shown in Table IV . While, the filtrate was concentrated to ca. 10 ml. This concentrate was again dissolved in 10 ml of w-hexane and cooled to 0 °C. After removal of the resulting precipitate (the starting salts If) by filtration, the filtrate was allowed to stand at -20 °C for 48 h. Filtration of the colorless crystalline precipitate gave 0.15 g (30%) of mercury bis(4-methylthiobenzoate) (3 b) .
The melting points and i.r. spectra of the compounds If, 3b and 4b obtained exactly coincided with those of the authentic samples.
Preparation of 4-chlorobenzoylthiomercury dithio-4-methylbenzoate (5 b) by method B 4-Chlorothiobenzoic acid was added to phenylmercury dithio-4-methylbenzoate (2e) in benzene. After refluxing for 2 h under dark, the reaction mixture was evaporated in vacuo. The resulting residue was extracted with w-hexane (20 ml) and then ether (3 ml). The combined extracts were allowed to stand at room temperature for 24 h. Filtration of the resulting plate crystal gave 0.04 g (7%) of 4-chlorobenzoylthiomercury dithio-4-methylbenzoate (5 b), which was identified by the spectral data and elemental analyses shown in Table IV .
On the other hand, the w-hexane and ether insoluble solid (0.26 g) was a mixture of mercury bis(4-chlorothiobenzoate) (3 c) and bis(dithio-4-methylbenzoate) (4b) (ca. 9:1), which was deduced from mass and i.r. spectra.
Preparation of 4-chlorobenzoylthiomercury dithio-4-chlorobenzoate (5 c) by method D
4-Chlorothiobenzoic acid (0.26 g, 0.5 mmol) was added to 0.06 g (0.11 mmol) of mercury bis(dithio-4-methylbenzoate) (4 b) in dichloromethane (50 ml) and the mixture was stirred at room temperature for 20 h. The reaction mixture was concentrated to ca. 5 ml. Filtration of the resulting reddish brown crystals, followed by washing with w-hexane and then ethanol, gave 0.05 g (82%) of 4-chlorobenzoylthiomercury dithio-4-chlorobenzoate (5 c), which was identified by the spectral data and elemental analyses shown in Table IV .
Reactions of phenylmercury dithiocarboxylates (2) with amines. Typical procedures are described below.
Reaction of phenylmercury dithio-4-methylbenzoate (2e) with piperidine: Piperidine (0.18 g, 2 mmol) was added to a solution of phenylmercury dithio-4-methylbenzoate (2e) (0.88 g, 2 mmol) in dichloromethane (40 ml) and the mixture was stirred at room temperature for 1 h. Removal of black precipitates (mercuric sulfide) by a centrifuge and then evaporation of the solvent in vacuo, followed by recrystallization of the resulting residue (solid) from w-hexane/ether (3: 1), gave 0.69 g (92%) of N-pentamethylene-4-methylthiobenzamide. W n.m.r. (CDC13): <5 = 1.70 (m, 6H, ring-CH2); 2.32 (s, 3H, CH3); 3.50-4.38 (m, 4H, ring-CH2); 7.14 (s, 4H, Ar). The melting point, and the i.r. and X H n.m.r. spectra were exactly in agreement with those of the authentic sample prepared according to the reaction of dithio-4-methylbenzoic acid with piperidine.
Reaction of phenylmercury dithiocarboxylates (2) with sodium alkoxides and thioalkoxides.
Reaktion of phenylmercury dithio-4-methoxybenzoate (2f) with sodium phenoxide: Phenylmercury dithio-4-methoxybenzoate (2f) (0.92 g, 2 mmol) and sodium phenoxide (2.4 g, 20 mmol) were refluxed in tetrahydrofurane (50 ml) for 1 h. After removal of the black precipitate [HgS, 0.09 g (20%) ] by centrifuge, the upper solution was concentrated to 5 ml. Ether (50 ml) and water (100ml) were added to the concentrate. The separated ether layer was washed with water three times, followed by drying with sodium sulfate and evaporating the ether in vacuo. A 2:1 mixture (20 ml) of ether and w-hexane was added to the residue and the resulting reddish solid was filtrated to give 0.03 g (11%) of bis(4-methoxythiobenzoyl) disulfide. The filtrate was concentrated to 5 ml and allowed to stand at room temperature overnight. Filtration of the resulting precipitate gave 0.04 g (8%) of diphenylmercury as colorless crystals. Evaporation of the filtrate in vacuo gave 0.20 g (43%) of 0-phenyl-thione-4-methoxybenzoate (9c), which was identified by comparison of the i.r., u.V., visible and *H n.m.r. spectra of the authentic sample, prepared by the reaction of bis(4-methoxythiobenzoyl) sulfide with sodium phenoxide.
Reaction of phenylmercury dithio-4-methylbenzoate (2e) with sodium thioethoxide: Phenylmercury dithio-4-methylbenzoate (2e) (0.44 g, 1 mmol) and sodium thioethoxide (0.17 g, 2 mmol) were refluxed in ethanol (30 ml) for 24 h. After removal of mercuric sulfide (0.055 g, 28%) by centrifuge the solvent was evaporated. The residue was redissolved in ether (50 ml) and washed with water (30 ml) three times. The ether layer was concentrated to 5 ml. A small amount of w-hexane was added to the concentrate and the mixture was allowed to stand at -20 °C for 5 h. Filtration of the resulting crystals gave 0.023 g (13%) of diphenylmercury. Evaporation of the solvent from the filtrate and silica gel column chromatography (w-hexane) of the residue gave 0.047 g (23%) of ethyl dithio-4-methylbenzoate (10b). While, the combined washings (aqueous layer) were acidolized with conc. HCl (5 ml) to give 0.012 g (7%) of dithio-4-methylbenzoic acid. The 1.r. spectra of the ethyl ester (10b) and dithio-4-methylbenzoic acid were exactly consistent with those of the authentic samples, prepared by the known method.
